Computer assisted technologies offer new opportunities in medical imaging (Folia Morphol 2016; 75, 4: 550-554) 
INTRODUCTION
The advancements in computer engineering bring up the usage of computer software for computer aided design (CAD) and analysis in medical purposes. In this manner the area has a wide perspective such as virtual clinical treatments, implant design and prosthesis production [5, 12] . The main aim in modelling the tissues in CAD software is to convert the 2 dimensional (2D) radiographic images to the 3 dimensional (3D) models for the preparation and the planning of complicated surgical operations. CAD software makes it possible to examine complicated damages on the tissues from tomography and magnetic resonance imaging radiographies.
Many 3D matching methods had been utilised for the implementation of radiographic images to their real models. One of the most frequently used numerical matching methods is iterative closest point (ICP) method. ICP algorithm was used by Besl and McKay for the resolution of free form surface match problems [1, 3, 6, 10, 14] . Oka et al. [8] analysed the matching sensitivity of models with their radiographic images gathered by using low and normal radiation dosages. Afterwards the images were tested with the data gained coordinate measuring machine and researchers reported that they obtained standard error between models. Gelaude et al. [4] worked on the radiographic images on bones segments for the determination of error sensitivity within their studies.
Researchers developed rapid prototype and manufacturing (RPM) techniques for custom made implant production for patients [2] . By means of RPM, physical model copies are possible to be made from complex 3D images. Data derived by the aid of CAD software are held on Rapid Prototyping (RP) system to produce the required parts in desired shape and accuracy. In this study, three different CAD software were used to create 3D models from 2D images obtained by computed tomography (CT) and results were evaluated statistically.
MATERIALS AND METHODS

Three-dimensional reconstruction of dog femur
A preserved dog femur from Anatomy Department of Veterinary Faculty of Afyon Kocatepe University was used in this study. Radiographic 512 × 512 pixel resolution images were acquired using SIEMENS--Sensation 40 computerised tomography and device adjustments were set to 120 KV and 65 mAs for radiographic quality. A total of 494 images were acquired at the slice thickness of 0.4 mm and a software tool was used for 3D reconstruction of the tissues. The images were handled in a frequently used medical image format "Dicom" and automatic segmentation process was made in Mimics software. An initial virtual bone models were derived by using a 260 Hounsfield (HU) lower limit threshold for highlights. The dosing for radiation was calibrated for every CT procedure individually depending on bone HU measurements. The modelled structures were optimised using Remesh plug-in of Mimics (Materialise, Leuven, Belgium). Models were then transformed into NonUniform Rational Basis Splines (NURBS) surface format using point cloud method (PCM) and boundary line method (BLM). The data were transferred to CAD software; Solidworks (DassaultSystems), Rapidform (INUS Technology, Korea) and 3DSMax (Autodesk, Inc.). The results of methods and transferred data were shown on Figure 1 .
As shown in BLM, three different software were used to create 3D models by the aid of interpolations between sectional splines which were longitudinal to the direction of the bone axis (Fig. 1) . In PCM, two different software were used to create NURBS surfaces trough point cloud data. The PCM was used only with Solidworks and Rapidform software which were the one only to have automatic surface scanning property.
In this study, the accuracy of the created surfaces were determined by visual precision and later quantified by root mean square (RMS) measurements. Rapidform software was used for 3D/3D matching method in this study. Rapidform is a powerful software that has registration accuracy. Three different software models of a dog femur were created and then transferred into Rapidform. Surface-to-surface matching method was utilised for the models by using ICP algorithm (Fig. 2) . Analysis values of matching accuracy of the models were represented in Table 1 .
Prototyping and manufacturing of the dog femur
In recent years, rapid prototyping techniques and traditional scaffold fabrication methods are used in tissue engineering frequently. RP technologies are the general naming of the advanced production procedures based on level-by-level addition of material for the production of complex structures [9] . All RP procedures were depended on the CAD data transferred in. STL file format which is kept as golden standard in industry. Many RP techniques were de- veloped and commercialised in recent years. Fundamentally, the lamination methods work on three bases: liquid, solid and dust. Liquid based technology involves stereolithography (SLA) and double photon polymerisation. Whereas solid based comprises fused deposition modelling, dust method has selective laser sintering and 3D printing techniques [7, 9, 15, 16] . Today, new technologies are developed day by day. In this study, SLA method was used for the production of dog femur (Fig. 3) .
In SLA method, UV rays are used on photo polymer liquid for the formation of the structure. The procedure is done layer by layer. In these methods, the surface of a model forms a wavy surface therefore the smoothness and the accuracy of the model are affected negatively. Under this scope, choosing a manufacturing method become more important.
RESULTS
In engineering area the issue of determining the volume, mass properties and the centre of gravity is important for many reasons. In addition to this, created models supply surface area information and the relative connections, solid models provide a slice cut view within a determined direction. Volume information is important for the design and the production of individually made implants for patients. When the volume or weight of a tissue is needed to a surgeon, solid designs are optimal for this purpose.
When the visual quality of the model taken into consideration, 3DSMax is a bit further beyond than other software due to its powerful rendering processes. However a structural deficit exists in 3DS-Max for measured modelling processes by missing parametrical design function therefore it is not used. Solidworks and Inventor software are based on parametric design therefore used in industry frequently. Along with these, Rapidform is also used for reverse engineering both with parametric design which is also kept as a professional designer available. Along with two methods and three different software six varying models were obtained. The statistical values of the models can be seen in Table 1 . The surface area and RMS values were given with volumetric analysis. In the created models by varying software, the lesser RMS values mean the more accurate models and more identical to their real matches. The RMS values were obtained in Rapidform software by using ICP algorithm. By the means of the gathered values of this study, the PCM was found to be more accurate compared with BLM. The RMS values of the models created by using PCM were much smaller compared with BLM. In BLM, models are created by using point cloud and density of the points determines the accuracy of the surface of the model. The boundary line modelling in BLM requires many depictions of guide lines to increase the accuracy of the surface of models. Yet this depiction may not be convenient for every complex geometrical shape.
DISCUSSION
Tolouei-Rad [13] compared models created by varying software by means of surface analysis. The result of the study made by Tolouei-Rad [13] was suggested that the software choice must be tailored to the needs individually. In the study of Starly et al. [11] researchers were evaluated the assessments on the creation stages of a 3D model and they found that reverse engineering gave better results compared with other software.
In our study, the real volume of the investigated dog femur was found to be 41387 mm 3 in lab conditions using Archimedes principle. When the relation of volumetric analysis taken into consideration, it can be seen that the model created by Rapidform using PCM was more eligible. The accuracy rate between two models was found as 91% within evaluations. Following these, a real model was created with SLA method and volume of this model was found as 45668 mm 3 . The relation between real volume of dog femur and reproduced copy was found in 90.6% accuracy (Table 1) .
CONCLUSIONS
The creation of 3D tissues eases the surgeon's practices for the treatment of patients. Therefore, it is more important to create accurate models. In this study, three different software were used to create bone models and the geometrical and statistical relations of the created models were evaluated. In this respect, Rapidform as a reverse engineering software was found more efficient by means of RMS, volume and standard deviation compared with other software. In addition to these, PCM was found to be more convenient in 3D modelling processes. As it can be seen in Table 1 , the values obtained from parametrical design software were found close to each other. The advanced modelling processes of software can be the reason for the close relationship of these values. One another important issue is production methods in as much as modelling. Rapid prototype was found accurate, economic and rapid therefore in this manner it is found as commercially favourable.
